Objective: To assess the number of levels of obstruction on a level 3 home sleep study in patients with obstructive sleep apnea. Study Design: This is a prospective study. Setting: Tertiary referral centre. Subjects and Methods: All the patients with the complaints of snoring, excessive daytime sleepiness, were evaluated for OSA. Complete history was taken and a thorough clinical examination was done followed by fibreoptic nasopharyngoscopy to determine the sites of obstructions. Patients were categorised into group A and group B based on the number of levels of obstruction. A level 3 home sleep study also was done for these patients. We tried to correlate the polysomnographic variables between the two groups. Results: There was a significant difference between the two groups in a number of PSG parameters. Patients in A group had lower number of apnoeas, obstructive apnoeas, hypopneas, AHI index, flow limitation and BMI as compared to patients in group B and the difference was statistically significant. We have devised a score using 3 parameters AHI, Flow limitation with snoring and BMI, the Deenadayal's (DDS) scoring system. The minimum scoring would be 3 and maximum score would be 6. Based on scoring the probable number of obstructions can be identified. Conclusion: Sleep study report can yield a lot of information regarding the number of levels of obstruction. A critical analysis is required while doing the same. Till date there have been no reports in literature identifying number of levels of obstruction on PSG.
a decrease or complete halt in airflow despite an ongoing effort to breathe. It occurs as a result of soft tissue collapse at the nasopharynx or the oropharynx causing airway obstruction resulting in hypopnea and apnea. It has been proposed that the pathophysiological pathways linking these risk factors for OSA can be explained by anatomical abnormalities, increased pharyngeal dilator muscle dysfunction, lowered arousal threshold, increased ventilatory control instability, and/or reduced lung volume [1] .
Patients with obstructive sleep apnea demonstrate oropharyngeal and hypopharyngeal wall collapse during inspiration. Patients with obstructive sleep apnea who do not have isolated obstructive lesions in the upper airway must have some dynamic alteration that allows the relatively hypotonic pharyngeal walls to collapse into the inspiratory airstream. This disproportionate anatomy, consisting of any combination of large tongue base, long soft palate, shallow palatal arch narrow mandibular arch or retrognathic mandible, renders the patient more vulnerable to the development of relative upper airway obstruction. This alteration causes intraluminal pressure to become excessively negative and allows the underlying hypotonic pharyngeal walls to collapse [2] .
The symptoms of OSA include snoring unrefreshed sleep, excessive daytime sleepyness, and reduced concentration. OSA is a risk factor for hypertension, diabetes mellitus and it can have long term consequences like stroke and myocardial infarction.
The gold standard test for the diagnosis of obstructive sleep apnea is polysomnography. In addition fibreoptic nasopharyngoscopy, sleep endoscopy and dynamic MRI help in identifying the level of obstruction.
In our study we conducted polysomnography on all the candidates who were suspected as OSA based on symptoms and clinical examination. The findings observed in the sleep study were correlated with the levels of the obstruction.
Materials and Methods
The aim of the study is to correlate polysomnography variables with number of levels of obstruction identified on clinical examination and fibreoptic nasopharyngoscopy.
This study was conducted in the department of Yashoda Hospital Secunderabad from March 2014 to March 2015. Institute's Ethical committee clearance has been taken to conduct this study.
All the patients with the complaints of snoring, excessive daytime sleepiness, unintentional sleeping episodes during wakefulness, reduced concentration, unrefreshing sleep, fatigue, insomnia were evaluated for Ostructive sleep apnea.
Complete history was taken from the patient as well as patients' bed partner. These patients were classified into various groups depending on the number of levels of obstruction. 
Inclusion Criteria
The diagnosis of OSA was made according to the criteria developed by American academy of sleep medicine. At least 1 of the following criteria must apply for OSA to be diagnosed:
1) The patient reports daytime sleepiness, unrefreshing sleep, fatigue, insomnia, and/or unintentional sleep episodes during wakefulness. The patient awakens with breath holding, gasping, or choking. The patient's bed partner reports loud snoring, breathing interruptions, or both during the patient's sleep.
2) Polysomnography (PSG) shows more than 5 scoreable respiratory events per hour of sleep and/or evidence of respiratory effort during all or a portion of each respiratory event.
3) PSG shows more than 15 scorable respiratory events per hour of sleep and/or evidence of respiratory effort during all or a portion of each respiratory event.
4) Another current sleep disorder, medical or neurologic disorder, medication use, or substance use does not better account for the patient's condition.
All the patients meeting at least one of the above criteria were diagnosed to be suffering from OSA and were included from the study and all the other patients were excluded.
Exclusion Criteria
• Paediatric patients
• Patients with insomnia
Results
A total of 196 polysomnoraphic reports were evaluated. In 10 patients complete
data was not available and were excluded, hence the sample size was 186.
Males in our study were 143 while females were 43 hence the sex ratio was....
The mean neck circumference was 15.5 inches.
The observations are as shown in Table 1 .
As seen in the table above, there was a significant difference between the two groups in a number of PSG parameters. Patients in A group had lower number of apnoeas, obstructive apnoeas, hypopneas, AHI index, flow limitation with snoring scores, total snoring events, lowest oxygen saturation and BMI compared to patients in group B and the difference was statistically significant. We have devised score was devised using 3 parameters AHI, Flow limitation with snoring and BMI. The Deenadayal's (DDS) scoring system is shown in Table 2 .
The minimum score would be 3 and maximum score was 6. We have analysed the difference in DDS score between A and B groups using Chi-Square test ( Table 3) . The difference was significant with a p-value of 0.006, which is statistically significant. Thus, lower the score the probability of single site or two sites obstruction is higher while higher the score the chances of obstruction at three sites is high.
This scoring can be used to score all polysomgraphic reports and add to the information regarding the number of level of obstruction.
Discussion
Obstructive sleep apnea is a syndrome of upper airway collapse with an increased effort to breathe. There is an increase in the prevalence of OSA in the last few decades. Obstructive sleep apnea (OSA) affects at least 2% to 4% of the adult population and is increasingly being recognized by the public [3] .
Obstructive sleep apnoea disturbs the quality of sleep and has number of immediate and longterm complications. It disturbs sleep and causes excessive day time sleepiness. This seriously impairs ones quality of life and working ability.
Neglected OSA leads to resistant hypertension, diabetes and serious cardiopulmonary complications like arrhtymias, pulmonary hypertension, cor-pulmonale and death [4] . The incidence of OSA with stroke is reported to be between 50% to 70% [5] . Various studies have showed occurrence of OSA and Pulmonary fibrosis to be 88% [6] Polysomnogram is the basic investigation for diagnosis and management of OSA. It is considered as a "gold-standard" [3] . As it is most commonly done investigation, we have evaluated its role in identifying the number of levels of obstruction in our study. A total of 186 patients were included in our study. Out of 186 patients, 157
(84.4%) were male patients and 29 (15.6) were female patients. This male preponderance was also found in a Singapore review of PSG. There were 449 male patients (76.9%) and 135 female patients (23.1%), with a mean age of 47.5 years (SD 12.7) [9] . The Wisconsin Sleep Cohort Study, the largest reported prevalence study with PSG among middle-aged adults, has reported an estimated prevalence of OSAS (AHI ≥ 5 and excessive daytime sleepiness) of 2% in women, and 4% in men. In this study, male gender and obesity were strongly associated with the presence of sleep-disordered breathing [10] .
The mean BMI in our study was 25.24 for patients with one or two levels of obstruction and 33.82 for patients with greater than 2 levels of obstruction. The difference was statistically significant. Thus, we have found a significant correlation between BMI and the number of levels of obstruction in our study. A number of studies have found a strong association between OSA and BMI [10] . In a smaller patient cohort consisting of 87 patients, Ozdas et al. found a significant correlation between BMI and AHI, and similarly suggested that increased BMI with obesity caused increased fat deposition in the lateral pharyngeal regions causing collapse of lateral pharyngeal walls both in oropharyx and hypopharynx on muellers manoeuvre [13] . In OSAS patients, increased BMI and NC are correlated with lateral pharyngeal wall collapse in retropalatal and retrolingual levels [11] . This scoring system will be further utilized in the next prospective study of our institute to see how it actually works.
The scoring system can also help postoperatively in comparing the score preoperatively with that of post-operative score.
Conclusion
Sleep study report can yield a lot of information regarding the number of levels of obstruction. A critical analysis is required while doing the same.
